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From page 3, left column, line 27 to page 5, right column, line 
25: 

[0013] 

[ Preferred Embodiment ( s ) ] 

Referring now to FIG. 1 through FIG. 5, one preferred 
embodiment of the present invention will be described 
hereinbelow . 
[0014] 

FIG. 2 shows an automatic operating shovel of the present 
embodiment. It also illustrates how the shovel works at a 
construction site . 
[0015] 

In FIG. 2, automatic operating shovel (vehicle) 1 spoons 
out dirt (stones and rocks) piled in stock yard 2, and dumped 
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it on crusher 3, which then crushes the dumped stones and rocks 
into smaller pieces. The reference number 4 designates an 
operation box located at an arbitrary place from where a 
reproduction operation by automatic operating shovel 1 can be 
conveniently controlled. Automatic operating shovel 1 has: 
track 10; rotative body 11 rotatably mounted on track 10; boom 
12 rotatably mounted on rotative body 11 ; arm 13 rotatably mounted 
on the tip of boom 12; bucket 14 rotatably mounted on the tip 
of arm 13; cylinders 15, 16, and 17 for rotating boom 12, arm 
13, and bucket 14, respectively; operator's cab 18 equipped to 
rotative body 11; and antenna 19 for transmitting/receiving 
signals to/from operation box 4. 
[0017] 

Automatic operating shovel 1 further includes: angle 
sensor 111 for detecting the angle of rotation of rotative body 
11; angle sensor 112 for detecting the turning angle of boom 
12 with respect to rotative body 11; and angle sensor 113 for 
detecting the turning angle of arm 13 with respect to boom 12; 
and angle sensor 114 for detecting the turning angle of bucket 
14 with respect to arm 13. 
[0018] 

Crusher 3 has track 30, hopper 31, stone crusher unit 32, 
and conveyer 33. The reference number 34 designates crushed 
stones and rocks which have been crushed by crusher 3. 
[0019] 

Operation box 4 is made of supporting stand 40 and 
instruction reproduction device 41. Instruction reproduction 
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device 41 includes: reproduction start button 431; reproduction 
stop button 432; dumping - angle setting button 433; button 434 
for setting the number of times dumping is to be performed; 
instruction controller unit 42 for use in making instructions 
which is adapted to be mechanically and electrically connected 
with instruction reproduction device 41 ; display 421 for showing 
the results of instructions and others; and antenna 44 for 
transmitting/receiving signals to/from antenna 19 of automatic 
operating shovel 1 . 
[0020] 

FIG . 1 is a block diagram schematically showing a structure 
of on-board device 5 installed in automatic operating shovel 
1 and a structure of instruction reproduction device 41 equipped 
to operation box 4. Like reference numbers designate similar 
parts or elements both in FIG. 1 and FIG. 2. 
[0021] 

In FIG. 1, the reference number 4 3 designates a 
reproduction controller unit. The reference number 4 5 
designates a command generating unit which generates a signal 
for sending out a signal, outputted from instruction controller 
unit 42 or reproduction controller unit 43, to automatic 
operation controller 50 (will be described later) . The 
reference numbers 46 and 58 designate radio communication devices 
for transmitting/receiving signals therebetween, thereby 
realizing radio communication between instruction reproduction 
device 41 and automatic operation controller 50. Upon receipt 
of an input signal , command generating unit 45 , which is a commonly 
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used controller employing a microcomputer, generates an 
instruction code corresponding to the input signal. Although 
not shown in FIG. 1, instruction controller unit 42 is provided 
also in operator's cab 18, thus enabling an operator to make 
instructions from operator's cab 18. 
[0022] 

Reproduction start button 431 of reproduction controller 
unit 43 is for use in activating a reproduction operation; 
reproduction stop button 432 is for use in terminating the 
reproduction operation; dumping duration setting button 433 is 
for use in setting a time period during which the dumping of 
the shoveled dirt should be continued; dumping speed setting 
button 434 is for use in setting the speed of dumping, that is, 
in setting the speeds of bucket - dumping , arm- dumping, and 
boom-raising . 
[0023] 

The reference number 5 designates a on-board device 
installed in automatic operating shovel 1 . The reference number 
50 designates an automatic operation controller for executing 
various controls required in the automatic operating shovel. 
Most part of automatic operation controller 50 is realized by 
a computer. The reference number 63 designates a proportional 
electromagnetic valve which is actuated by a driving current 
output from automatic operation controller 50. The reference 
number 64 designates a control valve for controlling the amount 
or the pressure of the oil flowing into an actuator, which control 
valve 6 4 is under control of an oil pressure signal output from 
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proportional electromagnetic valve 63. The reference number 
65 designates an actuator for actuating cylinders, 15, 16, and 
17, which move the joints of automatic operating shovel 1. 
[0024] 

Further, automatic operation controller 50 includes 
instruction position data storage section 51, reproduction 
command storage section 52, command interpreter section 53, 
instruction position output section 54, pre-servo processor 
section 55, servo controller section 56, current position 
calculation unit 57, radio communication device 58, command 
receiving section 59, reproduction-starting/stopping section 
60, and instruction processing section 61. Instruction 
position data storage section 51 stores instruction position 
data that is set according to an instruction received from 
instruction controller unit 42. Reproduction command storage 
section 52 stores commands, which are set according to an 
instruction received from instruction controller unit 42, for 
executing varying operations during reproduction operations. 
Command interpreter section 53 , when activated by a reproduction 
activating signal received from reproduction controller unit 
43, interprets reproduction commands, stored in reproduction 
command storage section 52 , one by one , and instructs instruction 
position data storage section 51 to output the instruction 
position data. In response to the instruction of command 
interpreter section 53, instruction position output section 54 
outputs the instruction position data from instruction position 
data storage section 51. For a smooth operation of automatic 
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operation shovel 1 between two pieces of instruction position 
data, pre-servo processor section 55 produces and outputs 
interpolatory instruction position data, based on the 
instruction position data output from instruction position 
output section 54 , that is , an interpolation calculation between 
a given starting point (one instruction position) and a given 
endpoint (the next instruction position) is carried out at 
certain time intervals to create a time series of data, which 
is then sequentially output to servo controller section 56 as 
a target angle value. Servo controller section 56 compares the 
instruction position data, whichhas been output and interpolated 
by pre-servo processor section 55, with current position data 
which is output from current position calculation unit 57, and 
outputs a driving current for controlling each joint of automatic 
operating shovel 1 into a predetermined position. Current 
position calculation unit 57 calculates current position data 
from angle signals detected by angle sensors 111 through 114. 
Radio communication device 58 receives signals from operation 
box 4. Command receiving section 59 outputs the command, which 
has been received by radio communication device 58, to 
instruction processing section 61 during an instruction mode 
(i.e., while the teaching of an operation is being performed) 
or to reproduction-starting/stopping section 60 during a 
reproduction operation mode (i.e., while automatic operation 
shovel 1 is reproducing an operation having been taught). 
Reproduction-starting/stopping section 60 executes input 
processing on a command which has been transferred from 
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reproduction controller unit 43, and outputs a command to start 
reproduction or a command to stop reproduction to command 
interpreter section 53. During the instruction mode, in 
response to an instruction received from instruction controller 
unit 42, instruction processing section 61 creates instruction 
position data, and sets variables which will be referred to in 
reproduction commands , and stores those data and variables in 
instruction position data storage section 51 and reproduction 
command storage section 52, respectively. 
[0025] 

Each of FIG. 3(a) and FIG. 3(b) shows an example of a string 
of reproduction commands stored in reproduction command storage 
section 52. 
[0026] 

In these FIG. 3(a) and FIG. 3(b), "LI" represents a line 
level , not a command line . 
[0027] 

"V" is a command to specify the speed of traveling. The 
greater the value V. the greater the traveling speed . For example , 
if the instruction position P 5 is set for the dumping position, 
as shown in FIG. 3(a) , the instruction position data P 5 is input 
to pre- servo processor section 55 after the outputting of the 
previous instruction position data P 4 . Interpolation 
calculations of the angles of the joints are then performed in 
such way that each joint moves according to the velocity command 
V, which has been set in the ob j ect reproduction command by command 
interpreter section 53, and the resulting target angle value 
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is output to servo controller section 56. With this structure, 
if a low value is set for the velocity command V, boom 12, arm 
13, and bucket 14 move at a low speed between the instruction 
position P 4 and the instruction position P 5 , which is the endpoint 
of dumping . 
[0028] 

At that time, it is possible to set an arbitrary value 
for the velocity command V both in the instruction mode and the 
reproduction operation mode , using dumping speed setting button 
434 provided on operation box 4 (see FIG. 1). 
[0029] 

"MOVE" commands traveling to a specified instruction 
position. "P/ through "Pn" are labels indicating angle 
information of each joint for the MOVE command. For example, 
"MOVE Pi" commands traveling to the position No. Pi (see FIG. 
4) among the pieces of instruction position data stored in 
instruction position data storage section 51. 
[0030] 

"WAIT" commands waiting for a predetermined time period. 
After the instruction position data P 5 is output from pre-servo 
processor section 55 to servo controller section 56, the output 
information is transmitted to command interpreter section 53. 
When the "WAIT" command is set, command interpreter section 5 3 
then outputs the time period that is specified in the WAIT command 
to a timer (not shown) . With elapse of the predetermined time 
period, the timer outputs a completion notification to command 
interpreter section 53. Upon receipt of the completion 
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notification, command interpreter section 53 instructs 
instruction position output section 54 to output the next 
instruction position. Instruction position output section 54 
then outputs the instruction position P 6 to pre-servo processor 
section 55, and outputs target position data, which is obtained 
by interpolating the instruction position data P 5 and the 
instruction position data P 6 , from pre-servo processor section 
55 to servo controller section 56 , so that the automatic operating 
shovel is servo-controlled to travel to the instruction position 
P 6 . For example, provided the instruction position P5 is the 
midpoint or the endpoint of dumping, as shown in FIG. 3(b) , with 
the WAIT command provided, it is possible for pre-servo processor 
section 55 to keep outputting the target position data P 5 as 
the instruction position data P 5 during the predetermined time 
period set in the WAIT command, so that the automatic operating 
shovel can stay at the dumping position ( P5 ) for the predetermined 
time period . 
[0031] 

Here, it is also possible to set an arbitrary value for 
the WAIT command both in the instruction mode and the reproduction 
operation mode, using dumping duration setting button 433 
provided on operation box 4 (see FIG. 1). 
[0032] 

"GOTO LI" commands restarting the operation from the line 
label LI. 
[0033] 

FIG . 4 shows an example of instruction position data stored 
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in instruction position data storage section 51. 
[0034] 

In FIG. 4, "Pi" through "P n " are associated with not only 
instruction positions but also the above-described labels Pi 
through P n . Each instruction position is predetermined in terms 
of the values of a rotating angle, a boom angle, an arm angle, 
and a bucket angle. 
[0035] 

Here will be made a description of the above-mentioned 
interpolation carried out by pre-servo processor section 55. 
[0036] 

In the beginning, pre-servo processor section 55 obtains 
andholds the current position data^4 via angle sensors 111 through 
114, current position calculation unit 57, and servo controller 
section 56 . The instruction position data B, which is the target 
position, is then read in from instruction position output 
section 54. Here, for example, one tenth of the difference C 
between the current position data A and the instruction position 
data B is calculated, and the current position data A plus the 
difference C/10 is output to servo controller section 56 , thereby 
executing servo controlling. Pre-servo processor section 55 
outputs the current position data A plus the difference 2C/10 
to servo controller section 56, thereby executing servo 
controlling. The similar processing is repeated until the 
current position data A plus the difference C ( instruction 
position data B) is output to servo controller section 56, thus 
completing the interpolation processing for the instruction 
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position data B. Every time a piece of instruction position 
data is output, the interpolation processing is performed in 
the similar way. 
[0037] 

Referring now to FIG. 1 through FIG. 4, an operation of 
an automatic operating shovel of the present embodiment will 
be described hereinbelow. 
[0038] 

Referring now to FIG. 1, when an instruction operation 
is made through instruction controller unit 42 of operation box 
4 or that (not shown) equipped in operator's cab 18, the 
instruction is input in instruction processing section 61 . The 
current position data is also input from current position 
calculation unit 57 to instruction processing section 61. On 
the basis of these instruction and current position data, 
instruction processing section 61 determines variables which 
is to be referred to in reproduction commands (see FIG. 3) , and 
creates such instruction position data as in FIG. 4. The 
variables to be referred to in the reproduction commands and 
the instruction position data are stored in reproduction command 
storage section 52 and instruction position data storage section 
51 . respectively. 
[0039] 

A reproduction operation is activated by switching on 
reproduction start button 431. The signal is received by 
automatic operation controller 50. Upon receipt of the start 
command, command interpreter section 60 [sic] sequentially reads 
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out reproduction commands stored in reproduction command storage 
section 52. If the read out reproduction command is a "MOVE" 
statement , a corresponding parameter is output from instruction 
position data storage section 51 to instruction position output 
section 54 # and the parameter is then transferred therefrom to 
pre-servo processor section 55. 
[0040] 

Pre-servo processor section 55 interpolates each joint 
angle in such a way that the individual joints move according 
to the speed assigned in the reproduction command, which has 
been read out by command interpreter section 53 , and the resulting 
target angle is output to servo controller section 56. On the 
basis of the current position data, which has been calculated 
by current position calculation unit 57, and the target angle, 
which has been output from pre-servo processor section 55 , servo 
controller section 56 carries out a common type of feedback 
control , and outputs a drive current for activating proportional 
electromagnetic valve 63, thereby controlling control valve 64 
to supply a predetermined level of hydraulic pressure for 
activating the joints of the automatic operating shovel. 
[0041] 

In order to completely empty the dirt out of the bucket 
at the dumping endpoint (for example, instruction position P 5 ) , 
the following methods can be performed. As shown in the example 
of the reproduction commands in FIG. 3(a), one of the methods 
--method 1-- is to reduce the movement of bucket 14, arm 13, 
and bucket [sic] 12 in velocity (V) in a range from the instruction 
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position P 4 , the point immediately before the dumpling position , 
to the instruction position ( P 5 ) , the dumping endpoint . Another 
method --method 2- -is to use a "WAIT" command, as shown in the 
example of the reproduction commands in FIG. 3(b), thereby 
permitting pre- servo processor section 55 to keep outputting 
the target position data P 5 as the dumping endpoint data P 5 during 
a time period set in the WAIT command , so that the dumping endpoint 
P 5 can be maintained for the predetermined time duration. 
Further, if P 5 serves as a dumping middle point, and also if 
P 6 serves a dumping endpoint, an intermediate dumping position 
can be maintained for a predetermined time duration. 
[0042] 

It is sometimes required, while reproducing an instructed 
operation, to adjust the velocity with which bucket 14 and arm 
13 dumps, and with which boom 12 is raised, due to such reasons 
as that the property of the dirt is changed or that weather 
conditions are changed. In such a case, following the above 
method 1, it is possible to arbitrarily change the value of the 
velocity command V In the reproduction commands by using dumping 
speed setting button 434 prepared on operation box 4. The 
operation signal is transferred to reproduction command storage 
section 52 via command generating unit 45, radio communication 
devices 46 and 58, and command receiving section 59, so that 
the value of the velocity command Kin the reproduction commands 
can be arbitrarily varied. Following the above method 2, as 
in the above method 1, it is also possible to arbitrarily change 
the value of the WAIT command in the reproduction commands stored 
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storage section 52 by using dumping duration setting button 433 
prepared on operation box 4 . 
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Wy';y7'15, 16, 1 7 W^f al-^T' 
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[0024] ga2fi3yhn-750li, 
iftfttHU 2A»$>*5»frfc:J: 9R£S*uteiSS*tfcB7*-* 

*^^s«a5fflflefffli«i»5 1 1 . wamftMA 2*>«, 
jK<a««MA»5 1 ^^fra^- * i mjinm-ti 

LT-9--^W«» 5 6 Kffi^-f SiN-Jtfl«BHg5 5 5 

if- * t mdE&mmsm sifrh&xz tuzm&ms. 

T-9t Zttlt L X . a 1 C0#55fflf 

&Bfffi<Offla<ct0flW & fctf>0«!HKS s- awr*-*-*-- 
**l»i»5 6 4:, ftm*>yi 1 1 — 1 14(cfcV^T^ 

mtMM 5 7 1 . &f£# -y ? X 4 *»<?><?5fi-§-.$-Sfi-r s 
*tt*58fc, *9Ki5 8K:J:-9T«lLfc3-?yH 

«*«K*tt*««af6 1 fcai*L, w^mmim 

tcffl^f K«8»5 9 t , HfH§fH»4 3a»fc 

^■thn^sm • ftj&msa e o t . «c*b#, 

*8tt»5 l^^<iS4irJVVh'^gP5 2l;:fgiif<rri>i8: 
i*8JSS6 1 A»^flte$*l4. 
[0 0 2 5] 113 (a) , ( b ) &*tl?tL* 

mx-hh. 

[0 0 2 6] Ultcfcivc. L 1 ii37y YX'ttttcK'tT? 

[0 0 2 7] V«^KO«*Sj&r&3-T>'Kr*0. 

v »jUga*K&T'£> 6 d t Zirr?. VOL 
&\ 03 (a) tcjjrf .fcdfc:, «5^(4aP5* { ifch^a 
tcl&gsft-o ^iST&awift^f^K&aT-' 
-9 P 4 cn&Wk, t^aSf-^ P 5 *<^-^Bff35!LS 
3B5 5 IcATJ rjvyhMV^T'J^SPS 3*> 



£«t o , «7Ktta p 4 ^>»db»Tffirc* § s^&a 

P 5 (CM* 4TfcJHHI«>:/'-.k 1 2 . T-M. 13.A'^r 
•y h 1 4<7)®ft*VP'><<0mftZ-£hZti < X'Z&. 
[0028] 3::fe\ 2B?3vy F V<o»*(i. '«^R»t 
JtlStlWEB* tefe V >T . 01 iZ^-mitX -v9*A izffi 
£ 4Jfc±a«SJ&tf* V4 3 4 (= «t o -CtEKfciiftJ&r* 

[0029] MOVE{4fS3e$*lfeft*ffia A ^»»S: 
gttS^vyHti 1 ), Pl-PnliMOVE37V 

O VE PI ttfl^a*3tt8l(5 1 

Wrr—fcn o *>H4 ^fCiaN o . P 1 tc^lW^ 

[ 0 0 3 0 ] WA I TliHf£B?H0>^£flM&-*-S 37 

^«5 3l±WAITav>'K*«»3eS<l'CV\*i:. HRR 
UV^V^-fTtf^WA I T37yhT1§£?^ 

Tyif5:3-rVK^y^7-U^gP5 3iCifiTJ-r^. 
*i^$:ai7i L. ifc^ftattJ^S'M 5 4 «»:^i»fi[a 

P 6 £-9-- Bi|*&E|g& 5 5 iZ&jj I . ft^fflBr - ^ P 
5 i t^filf- ^ P 6 ra^Offlra S iut Blfilf- ^ 
Sr-f-'-KKT^a^ 5 5 A»^>1^sK«iJW« 5 6 (cttJ^J L . 
SKj^Ss^ a ^SftSffiSP 6 C(Sl*^T^Uj-fS J: 

Mitf, 03 (b) tc^«t5 
lz , «t^(2a P 5 **K±«t»fiH)KB * fc«ik±«FT4fl:afc: 
iSSSixt^S^-. WA I Ta-T-VKSriSJtiiiiK: 
i-)T, ±IE«ori:<, WAIT3-rvHtf)SS«ao 
IB, •*f-*mi*!UliaS5 5t^m^<Smrf-9 P 5 £ LT 
c7)eS{2a7 : '-^P5S:£ti7Jt^t.5Ci:A i T-#. Sc± 
ea ( P 5 ) fcJff&MIHHfr*-* - k**-C'# S . 
[003 1 ] ^rfc, WAI HtfOlSilt, 

•SSth^faiS^-K^ v 4 3 3 K J: -> TffiBfcSftt 

[003 2] GOTO LKiff^^Lld^St/H 
ff£§i?#r$- S C: i: $r^*-r 4 37yKt*5. 

( o o 3 3 ] H4«. mmmstm5 1 ^ts^$tis 

[0034] 0(Ci3V^T. P 1 -P n{i, «5c^ffiB^ 

jcc-r s t *c Mi wi-Pn tr & r> , 

ft. r-Aft. T-Aft. A^ 7 hS. (0«flU%Jg$ 



(5) 
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tlh. 

[0036] V-tffflm£.& 55ii.it fcttlc, AjK-fe 
Vtlll-114. 3!&&XS3*ffi 5 7 . if-jKMlip 

C/l 0tf5fflatr-*£lf-**J*a$5 6(c{iJ*L, -9- 
1f->KiMS3at5 5tt. Jgttft 
Sf-? C/l 0 2T-f-*©Jffl!gB5 6 tcSMJ 

Stfilf-^A+^C (=l»tlf-^B) £tf 

»IBWia&»T-*-*. bXTJplMlz LX . #«»filf- 
* 7J $ fl4 ft (cMBttSS 5rfr o . 

[ 0 0 3 7 ] ifclc. 43fe6BBJffa SUSIES' a 
f££0 1 -04 (cgravtRW*. 

[0 0 38] 01fcj3WC\ Iff^7^X4^^lii* 
LTVvfrnapggsi 8ftfrt>mknft&4 2l,z£->X%t. 

3a**filfltr-^fcfWW-«. ffc£$ixftH£=Jvy 
few F&Mtf 5 2 1 «^{4^^IEI5 5 1 

4. 

[0039] StMi, m&gsk#9>A 3 l 
[004 0]lf-Jif1t«yi»5 5tt» awF-f^T 

§P56(i. mmmmn^ix-im^titzm&mMrf 
^6 3*«aBrr*Jta6oiB««a5&aj*^*. £*u= 

J: 0 3 > h 0-/^^7" 6 4 tffflmZtLTT 
* 6 5 t=J5fSg<7>ff L . SiM;^ 3 

100411 4ft. *WS»3BTIi. &±i»Tfi[ll (01 
itf. «*aSP5) t+#ttLmiJ::i:. mi 



03 (a) coS^^vyHtfOWc^fcfca 
fc. ad*7Tttfr^*ffi« ( P4 ) frfcifcbftT** 

(P5) lC?iJ4 4tW<Jr 7 M 4 . T— A 1 

3, A$r. y h 1 2cr)&mm.yitM< lt. 8t±*H-# 
?ftsj:dc-ri.. m2coirm±. 03 <t>) cow^a 
v> Ho^t^rf i -5 tc. wa I T37> Fj&<gft4.r 
fcCiot, WA iTavyh-oiS^^oH. -9-— iK 
fMSlS5 S^feifchiRTfiarr-^ P5t LT<7)gS 
{SHE-r-* P 5 Uttft* - 1 . ifc±,f*Tft 

a ( p 5 > *w«B*ia«fws c t tfx-z 4 . 4ft. p 
5s-fct4»[aea. P6£35djrrftBt-r*uf. 2&± 

+IWB»*-)SWBflB»S 4 Z b t T# 4 . 
[0042] $ «S*«<aS£IWmfc::feV vc. ± 

?V:7\ 7-A1 3<F>yy7^ 2<7)_Bf<0i&g 

fc*i4Jk±iK8ERje^y4 3 4&iMW-SCli:fc:«k 
0 . -€-0«fWt#tt3-7>- F£j*«4 5 .' *Si!Si«4 6 , 

>FV^gfcffi£#S£^-r4<r£7!)<-e#4. 4ft. ® 
2cO*&{i. »^-y^^4(C# 
i4ifc±B*Bffiag^^4 3 3 McJ: 0 , 

vy K«MR«SrffiB{cSSEf 4 d 4: ^'T'# 4 . 
[0043] 

SSriftftft^T'. jftEi^ a ^U* J ifch[aa^?)4i: # . 

^wzmmizn±T&zktfX'£z,. 4ft. «ne«ff^ 

[ 0 0 4 4 ] 4ft. »fls^R«rKW, Sfe»^4»(=JSV^ 

[Bs^sm^iKHj] 

[iai ] *5m<n>--mmm.i,z&bh nwmm^ 3 

^)«fil«fi!c 7D >y ^ 0T-J> 4 . 
[02 ] *HS©g©^±>4 3 ^./UiSi:^-?- 

(nimtm *7Ft$mmx't> 4 . 

[03 ] 0 1 BStB437V 2 fclftttSix 

[04 ] 0 1 (=*^»5Hd[JBBtt*5 1 ic*S^Sft4iS: 
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2 ^. h ;/ ?-\T— K 

3 ?7"/yt 

4 1 

4 2 »7*ilft35 
4 3 H&MHm 
4 3 1 > 
43 2 ^.Wit^y 

433 afctB^f&gtf^y 

434 tsdcj&mmjzxfy 



5 mftmmgw 

50 smmiKzyhu-? 

51 #^<a3i®tt» 

5 2 S^nvyKfgJrtSS 

5 3 3?> F-f v^r'J^g? 

5 4 ft^ffiBffiftASiV 

55 ir-dfWiayaffl 

5 6 -9— 

5 7 £&ttS8tttl* 

5 9 nv^H^ffgp 

6 0 w±mi ■ w±9m& 



[01] 



4lt>p 



,43 
♦31 

V 



Hi. 



1 
5k 



432 



fe»tt 



433 
434 



4L 



,50 



4k ?k 
*aas 



- 52 



{ — * ny>K 



1 1 



n 



54 



^ 



55 



58 



J>3 



37V K 













59 



,63 



IB 



,64 



o— a- 



1 11-1 !4 

4- 



[123] 



CBS3 3 3 



4 3 



(a> 



LI 



V= 70 
MOVE P, 
V= 70 
MOVE P t 

MOVE P, 
V= 10 
MOVE P* 

MOVE P. 
GOTO L i 



(b) 



LI 

V = 70 
MOVE P, 

V = 70 
MOVE P, 

MOVE P» 
V= 1 0 
WAIT- 10 
MOVE P» 

MOVE P„ 
GOTO L, 
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[02] 




